We use continuously recording GPS (CGPS) and survey-mode GPS (SGPS) observations to determine Euler vectors for relative motion of the African (Nubian), Arabian and Eurasian plates. We present a well-constrained Eurasia-Nubia Euler vector derived from 23 IGS sites in Europe and four CGPS and three SGPS sites on the Nubian Plate (−0.95 ± 4.8
I N T RO D U C T I O N A N D T E C T O N I C S E T T I N G
shows the present-day plate configuration in the zone of interaction of the African, Arabian and Eurasian plates. The early (pre-Miocene) history of the Mediterranean and Middle East region is very complex, involving a number of phases of collision, basin formation and accretion of island arcs and continental fragments (e.g. Dercourt et al. 1986; Dewey et al. 1989) . The region underwent a major change during the Late Oligocene (∼35 Ma) when the prior dominance of northward subduction of the Neo-Tethys was replaced by the first stages of continental collision and the development of the Alpine fold and thrust belt, although earlier collision occurred in the Eocene (∼60 Ma) along the Alps in association with the Apulia promontory (Italy/Adriatic ). Plate reconstructions indicate that rifting of the Red Sea and separation of the African and Arabian plates was well established by the Early Miocene (∼25 Ma) (e.g. Dercourt et al. 1986; Joffe & Garfunkel 1987; Steckler et al. 1988 ). The present-day plate configuration was initiated during the Middle Miocene (∼15 Ma) with initiation of left-lateral motion along the Gulf of Aqaba and Dead Sea fault (DSF) (e.g. Quennell 1984; Hempton 1987; Lyberis 1988; Steckler et al. 1998) , the principal structures accommodating relative motion between the Nubian and Arabian plates. However, a simple geometric connection between the Red Sea rift and DSF is complicated by possible motion of the Sinai block, presumably along the Gulf of Suez (e.g. Steckler et al. 1998) , and possible internal deformation of the Arabian Plate, most notably in the Palmyride fold and thrust belt (Chaimov et al. 1990) . During the Middle to Late Miocene (∼10 Ma), the Neo-Tethys closed between Arabia and Eurasia along the Bitlis suture in SE Turkey and the Bitlis-Zagros fold and thrust belt in Iran, initiating active continental collision (e.g. Sengor et al. 1985) . Active deformation and associated crustal uplift in eastern Turkey, and shortening and mountain building in the Caucasus and Zagros have been attributed to this on-going continental collision (e.g. Sengor et al. 1985; Philip et al. 1989) . Around 5 Ma, the East and North Anatolian faults were initiated and began accommodating the westward motion of the Anatolian Plate (e.g. Sengor 1979; Westaway 1994; Armijo et al. 1999) .
The oceanic crust within the eastern Mediterranean basin is a remnant of the Neo-Tethys caught in the impending Nubia-Eurasia continental collision. It is being actively subducted along the Hellenic and Cyprus trenches, and presumably within the complexly deformed region connecting these trenches (although less well defined) (e.g. Le Pichon & Angelier 1979; Klemper & Ben-Avraham 1987; Papazachos & Papaioannou 1999) . Active subduction is also occurring southwest of Italy along the Calabrian trench. Migration of the Hellenic and Calabrian trenches over the subducting oceanic plate, presumably associated with foundering of the subducted lithosphere (Le Pichon & Angelier 1979; Royden 1993; Malverno & Ryan 1986; Jolivet & Faccenna 2000; Savelli 2002 ) has produced the Aegean and Tyrrhenian basins. Slab detachment and lithospheric delamination have also been proposed as influencing the character of surface deformation in the Mediterranean (e.g. Seber et al. 1996; Wortel & Spakman 2000) .
The African 'plate' consists of two separate plates divided along the East African rift system, Nubia to the west and Somalia to the east. Extension across the rift, averaged over the past 3 Myr, has been estimated from an analysis of rates of sea-floor spreading to vary from (0-6) ± 1.5 mm yr −1 from south to north within the African continent (Chu & Gordon 1999) .
The western Mediterranean has accommodated approximately 150-170 km of plate convergence since the Oligocene (∼40 Ma). The current configuration, and geologically recent (i.e. Post to Early Miocene; ∼20 Ma) history of the African-Eurasian boundary in the western Mediterranean is complex, involving juxtaposed compression (Betic and Rif Mountains, Atlas Mountains) and extension (Alboran sea) (e.g. Dewey et al. 1989; Gomez et al. 2000) . Further west in the Atlantic Ocean, the boundary is predominantly an oceanic transform fault that connects with the Mid-Atlantic Ridge near the Azores. The transform is complex involving distributed deformation, compression along the eastern segment, predominantly right-lateral, strike slip along the central segment and extension on the westernmost segment near the Azores (e.g. Udias et al. 1976; Buforn et al. 1988; Chen & Grimison 1989) .
The most recent, geologically determined plate motions in the Mediterranean region (i.e. 3 Myr) are described by Euler vectors derived from analyses of sea-floor magnetic anomalies, transform fault orientations and global circuit closure (e.g. DeMets et al. 1990 DeMets et al. , 1994 Jestin et al. 1994; Chu & Gordon 1998) . Estimates of presentday Euler vectors have been reported from an analysis of geodetic data by Larson et al. (1997) and Sella et al. (2002) . Present-day plate motions have been estimated for smaller plates and blocks in the interplate deformation zone from seismic and neotectonic observations, analysis of satellite images (e.g. McKenzie 1972; Le Pichon & Angelier 1979; Jackson & McKenzie 1988) and from an analysis of geodetic data (e.g. Le Pichon et al. 1995; Robins et al. 1995; Reilinger et al. 1997; McClusky et al. 2000) .
In this paper we use GPS observations to constrain present-day relative motion between Nubia, Arabia and Eurasia. We use the GPSderived motions to determine relative Euler vectors for these plates and to compare them with Euler vectors determined from global and regional plate motion models and prior geodetic studies. We include motions of intervening plates/blocks (i.e. Anatolia and Aegea) determined previously by McClusky et al. (2000) and present the resulting sense and rate of deformation across plate boundaries. We consider the implications of the new, instantaneous Euler vectors for the rigidity of continental lithosphere, and possible temporal variations in plate motions.
G P S DATA A NA LYS I S A N D E U L E R V E C T O R S
The main data used for this study were continuous GPS data (CGPS) acquired by the International GPS Service (IGS) between 1992 and 2002. To improve station coverage on the African, Arabian, Anatolian and Aegean plates we also include five eastern Mediterranean (EMED) survey mode (SGPS) campaigns measured between 1992 and 2000 (McClusky et al. 2000) . Fig. 2 shows, and Table 1 summarizes the station velocities in a Eurasia-fixed reference frame used to constrain Africa (Nubia), Arabia and Eurasia plate motions.
We analyse the data using the GAMIT/GLOBK software (Herring 1999; King & Bock 1999 ) in a two-step approach (e.g. Dong et al. 1998) . In the first step, we use GPS phase observations from each day to estimate station coordinates, the zenith delay of the atmosphere at each station, and orbital and Earth orientation parameters (EOP). In the second step we use the loosely constrained estimates of station coordinates, orbits and EOP, and their covariances from each day, aggregated by survey, as quasi-observations in a Kalman filter to estimate a consistent set of coordinates and velocities. We provide orbital control and tie the regional EMED measurements to an external global reference frame by including in the regional analysis data from three to five continuously operating IGS stations for each day. The regional quasi-observations are then combined with quasi-observations from an analysis of phase data from over 100 stations performed by the Scripps Orbital and Permanent Array Center (SOPAC) at UC San Diego (Bock et al. 1997) . Before estimating velocities in the second step of our analysis, we examine the time-series of position estimates to determine the appropriate weights to be applied to the surveys of each group. For the velocity solution, we reweight the quasi-observations such that the normalized long-term scatter in horizontal position for each group is unity. Finally, to account for correlated errors, we add to the assumed error in horizontal position a random walk component of 2 mm yr The GPS-Euler vectors determined in this study and their 1σ uncertainties are given in Table 2 and their locations are shown in Figs 3 and 4 along with prior results from other studies (also listed and referenced in Table 2 ). The residual velocities (observed minus calculated; i.e. the component of the relative velocities not accounted for by the derived Euler vectors) are also shown in these figures. Euler vectors were estimated in a simultaneous least-squares solution, using the velocity solution and its full variance covariance matrix. The vector estimates are based on 23 stations located on the Eurasian Plate, eight on the Nubian Plate and four on the Arabian Plate (Table 1) .
The Nubia-Eurasia GPS Euler vector provides a very good fit to well-constrained velocities [weighted root mean square (WRMS) residuals = 0.6 mm yr −1 for Nubia and Eurasia] at GPS stations widely distributed around the Nubian Plate (Fig. 3) , providing strong constraints on the Euler vector (Fig. 3, and Table 2 ). This observation also demonstrates the coherent motion of the Nubian Plate with internal deformation constrained well below 1 mm yr −1 (1σ ), at least on a plate-wide basis (i.e. more local deformation that does not effect overall plate coherence cannot be ruled out).
In contrast, the Arabia-Eurasia Euler vector (and consequently the Arabia-Africa Euler vector) is derived from only four GPS velocities (BAHR, KIZ2, GAZI, KRCD). Furthermore, sites in SE Turkey (KRCD, KIZ2, GAZI) lie near the Bitlis suture and East Anatolian fault (EAF), the boundary between the Anatolian and Arabian plates (Fig. 4) . While we believe that these stations are well outside the elastic strain field (i.e. GAZI is approximately 90 km from the mapped surface trace of the EAF and KIZ2 is approximately 150 km from the Bitlis suture), faulting is complex and we cannot completely rule out some influence from plate boundary effects. 
P R E S E N T -D AY M O T I O N A C RO S S P L AT E B O U N D A R I E S
As indicated in Fig. 3 and Table 2 , there are significant differences between the well-determined GPS Nubia-Eurasia Euler vector and that reported from the NUVEL circuit closure model. The GPS Euler vector is derived from observations spanning approximately 10 yr, while the NUVEL result is based primarily on an analysis of magnetic anomalies and transform fault orientations and is reported as a 3 Myr average. The question arises as to whether the GPS result represents a change in plate motions during the past few million years. Sella et al. (2002) appeal to longer-term geological data that indicate a Miocene to present deceleration of spreading in the south Atlantic (Cante & Kent 1992) to suggest a possible explanation for slow geodetic motion of the African Plate compared with the 3 Myr NUVEL-1A result. However, DeMets et al. (1990 DeMets et al. ( , 1994 acknowledge the shortcomings of their model, which assumes a single African Plate (i.e. no allowance is made for separate Nubian and Somalian plates). Current estimates for spreading rates in the East African rift reach 6 ± 1.5 mm yr −1 near the northern end of the rift (Chu & Gordon 1999) . These rates are similar to Africa-Eurasia relative plate motion rates. An accurate assessment Table 1 . GPS velocities in a Eurasia-fixed reference frame (as defined in this study), 1σ uncertainties (±), and correlation between the east and north components of velocity (RHO), used to estimate Euler vectors: * = Arabia, # = Eurasia, + = Africa. Velocities for other stations shown in the figures are also listed. Fig. 4 and Table 2 , there are significant differences between the Nubia-Arabia GPS and NUVEL Euler vectors. In contrast, the more recent Nubia-Arabia Euler vector determined by Chu & Gordon (1998) from magnetic anomalies in the Red Sea (and hence a 3 Myr average such as NUVEL) agrees within confidence intervals with the GPS determination with regard to the pole location and rotation rate. Given the acknowledged limitations of the NUVEL global solution, this agreement indicates no significant change in motion of the Arabian Plate with respect to Nubia during the past 3 Myr, at least at the level of detection of the current data (∼1 mm yr −1 ). Ongoing and expanding efforts to monitor with GPS present motions of the Arabian Plate should provide tighter constraints on the GPS Nubia-Arabia Euler vector, allowing more definitive conclusions concerning possible temporal changes in Arabia Plate motion.
Relative motion derived from the GPS-Euler vectors across simplified plate boundaries (Figs 4, 5a and 6a), and earthquake focal mechanisms for large (M > 6.0), shallow (<50 km), and historic earthquakes (Figs 5b and 6b) Table 2 ). GPS station residuals and 95 per cent confidence ellipses are also shown. Residuals for stations on the Arabia Plate are from the Arabia-Eurasia Euler vector (see Table 2 and Fig. 4 ). Sites with names (four-character ID) were used to estimate the Euler vectors for Arabia and Nubia. Seismicity (depths <33 km) (http://www.seismology.harvard.edu), and schematic plate boundaries are also shown (plate boundaries are as in Fig. 1 ). The WRMS GPS velocity residuals for Nubia, Arabia and Eurasia are 0.6, 0.8 and 0.6 mm yr −1 , respectively.
cases, distributed across a number of tectonic structures within the boundary zone. However, we believe the relative motions shown in Figs 4, 5(a) and 6(a) provide improved boundary conditions for more detailed studies of plate interactions (i.e. the overall motion that must be accommodated across the plate boundary zone). The schematic Arabia-Eurasia plate boundary corresponds to the Bitlis suture and East Anatolian fault in SE Turkey and the main recent fault and Bitlis-Zagros fold and thrust belt in Iran. While part of Arabia-Eurasia convergence is accommodated in the Caucasus and northern Iran, we do not include these structures in our plate model since data available for this study do not constrain the partitioning of deformation across this area. The Nubia-Arabia boundary is well determined in the Red Sea (Chu & Gordon 1998) , and along the DSF (Joffe & Garfunkel 1987) , although more detailed studies indicate local complexities (e.g. Butler et al. 1997; Chu & Gordon 1998; Gomez et al. 2001) . Similarly, the general location of the subduction/transform boundaries along the Cyprus and Hellenic trenches, and to a lesser extent, the Florence rise, are reasonably well known and are well defined by narrow bands of seismicity (at least for the Hellenic and Cyprus trenches) and well imaged down-going lithosphere (e.g. Wortel & Spakman 2000) . However, along the Cyprus trench and Florence rise, the Nubian Plate interacts with the Anatolian Plate and along the Hellenic trench with the Aegean Plate (McKenzie 1972; McClusky et al. 2000) . Accordingly, we use the Euler vectors derived by McClusky et al. (2000) for Anatolia and Aegea to estimate orientations and rates of relative motion on these boundaries (Table 2 ). Various models have been proposed for the plate boundary in the central Mediterranean where seismicity is more diffuse (e.g. Savelli 2002 , and references therein). As indicated in Fig. 6(a) 
Nubia and Eurasia in the central Mediterranean is overly simplistic.
Because we have little quantitative information on block motions in the Adriatic (e.g. Nocquet et al. 2001) , we ignore these complications for now and show only Nubia-Eurasia motion along a boundary south of the Italian peninsula. Moving westward, we locate the Nubia-Eurasia boundary along the Calabrian trench, ignoring possible extension within the backarc. Seismicity, and hence the location of the plate boundary (or boundaries) remains diffuse through the western Mediterranean to the straights of Gibraltar. From there, the boundary is reasonably well defined to the Mid-Atlantic ridge, although it is diffuse west of Gibraltar and near the Azores.
As indicated in Fig. 4 , the GPS result agrees very well with the orientation of relative motion predicted by the Chu & Gordon (1998) Arabia-Nubia Euler vector along the Red Sea and DSF. The GPS motions are smaller than the geological result, but the difference is within the uncertainties. The GPS result implies spreading rates along the Red Sea varying from 14 ± 1 mm yr −1 at 15 • N to 5.6 ± 1 mm yr −1 at 27 • N. The GPS Euler vector indicates left-lateral strike-slip motion along the DSF in the Gulf of Aqaba, with increasing compression towards the north. Rates of motion also increase to the north along the DSF from 5.6 ± 1 mm yr −1 of pure left-lateral strike slip on the southernmost DSF to 7.5 ± 1 mm yr −1 near the DSF-EAF junction. Along the northern DSF (i.e. north of the Lebanon restraining bend) motion is partitioned between 6 ± 1 mm yr −1 fault parallel and 4 ± 1 mm yr −1 fault normal motion. The GPS results indicate compression along the southernmost Zagros (∼26
• N) at 23 ± 1 mm yr −1 , with decreasing amplitude and an increasing component of right-lateral strike-slip motion to the north Table 2 . GPS-Euler vectors and 1σ uncertainties (EU = Eurasia, AN = Anatolia, AE = Aegea, AR = Arabia, AF = Africa, NU = Nubia, * = new result from this study). (19 ± 1 mm yr −1 at an angle of approximately 30
• to the main structural trend of the mountain range at 35
• N), although this motion is partitioned across other structures further north of this schematic boundary (e.g. Reilinger et al. 1997; McClusky et al. 2000; Tatar et al. 2002) . Table 2 for Euler vectors). Along the EAF (ArabiaAnatolia) motions are predominantly left-lateral, strike slip at 9 ± 1 mm yr −1 . There is a component of extension, particularly along the eastern segment of the fault west of the Karliova Triple Junction. The eastern segment of the Cyprus trench is characterized by leftlateral motion with increasing tension towards the east (i.e. Gulf of Iskenderum, near the junction of the DSF, EAF), consistent with the tensional focal mechanisms around the Gulf (Fig. 5b) . To the west, the Cyprus and Hellenic trenches are dominated by compression with a large component of left-lateral motion along the Plino-Strabo trench. The Aegean Plate is moving rapidly towards the SW relative to surrounding plates (30 ± 1 mm yr −1 relative to Eurasia), giving rise to extension in western Turkey (10-15 ± 1 mm yr −1 ), and in the Gulf of Corinth/central Greece (∼30 ± 1 mm yr −1 ), although how 'extension' is accommodated in central Greece remains enigmatic (Goldsworthy et al. 2002) . The North Anatolian fault (AnatoliaEurasia) is dominated by right-lateral strike slip (24 ± 1 mm yr −1 ) with slight compression along the easternmost segment and extension in the Marmara Sea-North Aegean trough. Apart from the Cyprus trench-Florence Rise where seismicity rates are low (as are relative motions), these general patterns are in good agreement with the focal mechanisms shown in Fig. 5(b) .
In the central and western Mediterranean (Figs 6a and b) a simple Nubia-Eurasia boundary is insufficient to account for the welldetermined motions of IGS stations MATE and MEDI in Italy. Clearly, the Italian peninsula and Adriatic are not part of either the Eurasian or Nubian plates. In contrast, the motion of at least the southern part of Sicily (NOTO; 4.2 ± 1.2 mm yr −1 NW) is consistent with Nubia motion (Nubia-Eurasia motion north of NOTO is 5 ± 1 mm yr −1 NW), suggesting that the Nubia-Eurasia boundary lies north of station NOTO and south of Sardinia (i.e. CAGL displays Eurasia motion). West of Sicily, seismicity is mostly confined to the coastal region of N. Africa. Here, the GPS relative motions indicate right-lateral, strike slip and compression across the assumed, simple boundary with total relative motion of 5 ± 1 mm yr −1 . This sense of relative motion is qualitatively consistent with the focal mechanism solutions (Fig. 6b) . In the westernmost Mediterranean (Gibraltar, Alboran Sea), relative motions become increasingly right-lateral strike slip. Station SFER in southernmost Spain shows motion more consistent with Nubia than Eurasia. In addition, focal mechanisms in northern Morocco and the Alboran Sea indicate a significant component of extension. This inconsistency between GPS relative motions and seismicity suggests that deformation is more complex than is implied by the simple boundary model used in our analysis, a conclusion supported by neotectonic studies (e.g. Seber et al. 1996; Gomez et al. 2000; Gutscher et al. 2002) . West of Gibraltar, NubiaEurasia motion becomes less compressional and more right-lateral strike slip to 17
• W, increasing compression to approximately 24
• W, and a significant component of extension to the Mid-Atlantic Ridge (i.e. Azores). Relative rates of motion are roughly constant along the plate boundary in the Atlantic at approximately 4-5 ± 1 mm yr −1 . Although focal mechanisms are mostly confined to the Azores along the plate boundary in the Atlantic, those that are available agree qualitatively with the GPS relative motions.
I M P L I C AT I O N S F O R C O N T I N E N TA L D E F O R M AT I O N
It is clear form the geodetic data presented here that deformation within the zone of interaction of the Arabia, Nubia and Eurasia plates is complex involving intervening, smaller plates or blocks (e.g. Anatolian, Aegean, Adriadic, Alboran Sea). In some areas such as western Turkey, the Zagros of western Iran and central Greece, deformation appears to be more spatially diffuse as indicated by dense geodetic observations, the distribution of seismic activity, active faulting and mountain building (e.g. Jackson et al. 1995; Davies et al. 1997; Tatar et al. 2002) . On the other hand, more spatially dense geodetic observations for a substantial part of the eastern Mediterranean region and the distribution of historic earthquakes are at least compatible with relatively simple models involving a small number of plates or blocks with the bulk of the deformation confined to narrow block/plate boundaries (e.g. Armijo et al. 1996; Kahle et al. 2000; McClusky et al. 2000; Nocquet et al. 2001; Meade et al. 2002) . Debate continues as to whether plate/block or continuum descriptions (or some combination) represent better the behaviour of active deformation within the continental lithosphere of the Mediterranean region (e.g. Jackson et al. 1995; Thatcher 1995; Davies et al. 1997; Armijo et al. 1999; McClusky et al. 2000) .
As demonstrated in this paper, it is possible to determine reference frames in which the large majority of relative site motions can be reduced to insignificance for the 'interior' (i.e. away from broad active boundaries) of the Nubian, Eurasian and Arabian plates. The geodetic result for Arabia is tentative due to limited spatial coverage, however, the agreement between the geodetic and geological (i.e. Red Sea magnetic anomalies) Euler vectors suggests that further data will only strengthen this conclusion. This alone would appear to validate the utility of a plate description of contemporary deformation. However, a further test of the utility of this approach is to compare the slip rates on plate bounding faults derived from the relative Euler vectors with those determined from near-fault geodetic studies and neotectonic evidence. Sufficient data are available to do this for the North Anatolian fault (Anatolian-Eurasia boundary), East Anatolian fault (Arabian-Anatolian boundary) and the Dead Sea fault/Red Sea rift (Arabian-Nubian plate boundary).
The GPS Anatolia-Eurasia Euler vector predicts slip rates at the location of the NAF of 24 ± 1 mm yr −1 . Slip rates for the NAF are reported from near-field GPS studies and neotectonic studies of fault offsets and ages. Meade et al. (2002) report a rate of 25.6 ± 0.7 mm yr −1 based on the most recent GPS data around the western segment of the NAF fault. This agreement indicates that all relative plate motion, within the measurement uncertainty, is accommodated along the fault, at least along the segment where sufficiently dense GPS data allow a local determination. McClusky et al. (2000) review geological evidence for NAF slip rates based primarily on the total offset and age of the fault. These estimates vary widely (16-25 mm yr −1 ) and are not particularly useful at this stage for comparing with predicted rates from plate motion models.
The Anatolian-Arabian Euler vector predicts 9 ± 1 mm yr −1 leftlateral motion on the EAF. At present, insufficient geodetic data are available in the near field of the EAF to constrain fault characteristics (slip rates and locking depths). Geological estimates have been reported in the range 4-7 mm yr −1 (e.g. Arpat & Saroglu 1972; Dewey et al. 1986) , somewhat smaller than the plate motion estimate. This apparent discrepancy may reflect off-fault deformation, a possibility supported by neotectonic studies (e.g. Westaway 1994 ). However, the significance of this apparent difference remains uncertain given the difficulty of dating fault offsets, and possible missed offsets on parallel structures.
The Nubia-Arabia GPS Euler vector predicts 5.8 ± 1 mm yr
left-lateral slip on the southern Dead Sea fault in Israel. This rate is slightly higher than that determined by regional geodetic studies confined primarily to the western side of the fault (Pe'eri et al. 2002, 2 .6 ± 1.1 mm yr −1 ) but does not differ significantly from geomorphological studies of the DSF in Israel (Klinger et al. 2000 , 4 ± 2 mm yr −1 since the Late Pleistocene). The possibly higher DSF rate we determine in comparison with regional GPS studies could reflect active opening of the Gulf of Suez rift estimated at ∼1 mm yr −1 (Steckler et al. 1998) , but the GPS data are not yet sufficient to justify this conclusion. As stated earlier, there is no significant difference between rates of rifting in the Red Sea as determined from analysis of marine magnetic anomalies (i.e. localized spreading along the rift axis) and those derived from overall, present-day plate motions. Although uncertainties are high (∼25 per cent or more of the total slip rates) these observations provide no support for substantial off-fault or internal plate/block deformation within the continental lithosphere of the Nubian, Eurasian or Arabian plates.
C O N C L U S I O N S
We present a well-constrained Nubia-Eurasia GPS Euler vector that differs significantly from the NUVEL-1A, 3 Myr average. Because of the well-known limitations in the NUVEL result, it is not yet possible to determine whether this difference is due to systematic errors or changes in plate motion rates over the past 3 Myr. We also present a preliminary Arabia-Eurasia (and Arabia-Nubia) GPS Euler vector that differs from the NUVEL-1A result, but is statistically consistent with the updated 3 Myr geological Euler vector reported by Chu & Gordon (1998) . These new GPS Euler vectors, listed in Table 2 , are the principal results of this study.
We resolve no significant internal deformation of the Nubian Plate as a whole. The WRMS misfit to a coherent plate motion model is 0.6 mm yr −1 , below the resolution of the GPS data. The NubiaEurasia Euler vector lies approximately 20
• south of the NUVEL-1A result. The Nubia-Eurasia GPS Euler vector implies NW-SE convergence within the Mediterranean with a substantially larger west component of motion for Nubia along the plate boundary zone than the NUVEL result. In addition, there is little variation in rates of motion along the boundary, ranging from 5.4 ± 1 mm yr −1 in the eastern Mediterranean to 4.5 ± 1 mm yr −1 near Gibraltar. We use a simple plate boundary model to investigate deformation within the plate boundary zones. While this model is greatly oversimplified, it allows investigation of the total deformation that is being accommodated within these areas and as such provides overall 'boundary conditions' for more detailed models. The largest relative motions across plate boundaries occur along the Hellenic trench (35 ± 1 mm yr −1 ), within the Gulf of Corinth and central Greece (∼30 ± 1 mm yr −1 ), along the North Anatolian fault 24 ± 1 mm yr −1 ), and along the Zagros fold and thrust belt and associated deformation zones to the northeast (19-23 ± 1 mm yr −1 ). These structures also display the highest seismic energy release. Slip rates on the DSF vary from pure left-lateral strike slip along the Gulf of Aqaba and southernmost DSF segment (5.6 ± 1 mm yr −1 ) to leftlateral transpression with 6 ± 1 mm yr −1 strike-slip and 4 ± 1 mm yr −1 compression along the northern DSF in Syria. Overall, there is good, qualitative agreement between the sense of motion indicated by the GPS Euler vectors and earthquake focal mechanisms.
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